Introduction
T wo different, but not mutually exclusive, approaches to prevention in the alcohol field can be taken: a high-risk strategy and a population strategy. [1] [2] [3] [4] [5] A high-risk strategy aims at reducing consumption and problems by targeted interventions towards a small group of individuals who are at an increased risk, while a population strategy aims at reducing consumption and problems by interventions directed at the general population. It is in the latter case that the validity of the prevention paradox is of particular relevance. That is, the notion that, although those individuals at highest risk may be responsible for a large number of problems per person, they may yet only account for a minor fraction of the overall number of problems, simply because they are relatively few. 6 Most of the problems, then, can be attributed to the vast majority of the drinkers, those at low or moderate risk of subsequent problems, supporting general population prevention efforts.
The validity of the prevention paradox among adult alcohol consumers first gained support with respect to accidents, injuries and social alcohol-related problems (e.g. relationships) where the association between consumption and problems tends to be fairly straightforward. 3, 7 Hence, from a public health point of view, prevention strategies aimed at the entire adult population of drinkers may prove more effective for most alcohol-related problems, as compared with strategies aimed only at a small, high-risk sub-population. 7 However, analyses have shown that the majority of problems may occur in relation to heavy drinking occasions, and that the number of people with heavy drinking occasions is larger among low-moderate consumers than among heavy consumers. 3, 5, 8 This has been called the 'second-order prevention paradox'. 3, 5 The scientific literature on the prevention paradox is limited; the number of empirical studies is rather small and the findings are not entirely consistent. The scientific debate is also, to some extent, blurred by different uses of concepts 9 and-more importantly-studies on adolescents, a main target group for prevention, are lacking. The proportion of 'a small group of high-risk individuals', a key concept, has been operationalized quite differently in previous empirical studies, varying between 5% and 35%, although 10% is commonly reported. 9 Obviously, the likelihood of finding empirical support for the validity of the prevention paradox rests upon the relative size of the high-risk group. From a practical prevention point of view, it seems unlikely that targeted individual strategies can be delivered effectively to, say, >5-10% of the general population. Although adolescents often are the prime group for prevention efforts, to our knowledge, there is only one study examining the validity of the prevention paradox in relation to adolescents. Weitzman and Nelson 10 reported support for the prevention paradox in 49 163 college students in the USA. However, the authors did not present data for consumption levels or for different ages, or for young men and women separately. Hence, there is a need for age-and gender-specific analyses of the prevention paradox among adolescents.
Accordingly, the aim of the present study is to examine the validity of the prevention paradox in both annual alcohol consumption and (frequent) heavy episodic drinking (HED), and different alcohol-related problems among adolescents. Our research question was: is the prevention paradox valid for adolescents, irrespective of drinking patterns, gender, age and kind of problem?
Methods

Study population
The current article presents cross-sectional analyses of data from two studies of Swedish adolescents, ( 11 In total, 7288 alcohol-consuming adolescents aged 13-17 years were examined. In both studies, data were collected by teachers or research assistants in the schools. The students answered the questionnaires anonymously in the classroom during class, after being informed (verbally as well as by letter) about voluntary participation and confidentiality. The study was approved by the Research Ethics Committee at the Karolinska Institutet.
Study A contains data from a study, conducted from 2001 to 2006, directed to all 18 schools and 79 classes in 6 central districts (out of 18) in Stockholm, Sweden. 12 The districts chosen covered low, middle and high socio-demographic profiles. The study population included seventh grade students (n = 1923) in 2001 (age 13 years). In 2001, $84% (n = 1610) participated.
Study B, from 2008, includes data from two surveys, each comprising over 3000 pupils, of nationally representative, and randomly selected samples of school classes from the whole of Sweden of adolescents aged $15 years and 17 years. 11 The participation rates were over 82%. This study has been carried out in schools in Sweden annually since 1972.
Measures
Alcohol use
Two different groups of high-risk drinkers were assessed: (i) the upper 10% by annual alcohol intake (90th percentiles), based on a quantity-frequency measure. Frequencies of drinking ('On how many occasions during the last 12 months have you had any alcoholic beverage to drink?') were measured using category midpoints, i.e. in the category of answers reporting 3-5 times the frequency was set to 4, etc. The reported volume of alcohol (beer, wine or spirits) consumed was converted into an assumed annual consumption of centilitres of pure (100%) alcohol. (ii) Heavy-drinking adolescents of at least half a bottle of spirits, or a bottle of wine, or 4 bottles (76 centilitres) of cider, or 4 cans (usually 50 centilitres) of strong beer (at least 4.5% alcohol by volume) or 6 cans of medium-strong beer (2.8% or 3.5%), at 1-6 times a year or more often (monthly). The measure of heavy drinking corresponds to 80 g 100% ethanol.
Alcohol-related problems
The students in Studies A and B reported how often they had experienced any of 15 (in Study B = 14) different problems resulting from own alcohol consumption. The time frame was 'during the last 12 months' in Study A and 'ever' in Study B. The 15 different problems in Study A were argument, fight, accident/injury, poor relationship with friends, parents or teachers, lower achievement at school, unwanted or unprotected sex, been robbed, lost money or other valuables, destroyed clothes or other things, trouble/argument with the police, driven motorcycle/car under the influence, headache or feeling sick or having had hangover. In 2008 (Study B), the two latter questions were excluded, while a question about visits to hospital or emergency room was included. A total sum-score of problem frequencies across all 15 (14) problem items was constructed, with a range from 0 to 30 (0 to 28) as the frequency alternatives 0, 1 or 2 ('never', 'once', 'two times or more') were used. Cronbachs' alpha (internal consistency) for the problem-sum-scores ranged from 0.78 to 0.88.
Statistical procedure
All analyses were based on adolescents who had reported a consumption of beer, wine and/or liquor consumption, i.e. adolescents answering 'never' for all alcoholic beverages were removed from the analyses. Also, analyses were carried out separately for boys and girls. The proportions (%) of problems related to drinking measures were calculated. ANOVA and chi-square analyses were used to examine possible gender differences. Finally, to compare two risk groups, attributable proportions (AP) were calculated for alcohol-related problems among the top 10% annual consumers (the great majority, 6-10%, reported frequent HED), and bottom 90% consumers with frequent HED. AP is a measure of the public health impact of a factor; i.e. the proportion of alcohol-related problems in a group that can be attributed to belonging to this group. The formula for AP, or population attributable risk percent (PAR %), is: PAR% ¼½ðRate totalpopulation À Rate unexposedÞ= ðRate totalpopulationÞ Â 100% 13 
Results
Mean alcohol consumption, number of problems and proportion of HED all increased with age. Boys reported higher alcohol consumption and HED to a greater extent than girls, except at age 13 years (Table 1) , while girls reported a significantly higher average number of alcohol-related problems, except at age 15 years where the gender difference was insignificant. The majority of adolescents were HEDs except at age 13 years. A relatively large minority among those aged 15 years and a majority of the 17-year-olds in the bottom 90% of alcohol consumers by annual intake were frequent HEDs, whereas almost all in the top 10% were frequent HEDs.
Our analyses revealed that the bottom 90% of consumers by annual intake accounted for a majority, 61-77% of the problems, increasing with age (Table 2 ) and that the share of problems accounted for by frequent a: Alcohol consuming. b: Among alcohol consumers. *P < 0.05. Gender differences were tested using chi-square or Anova statistics.
HEDs increased with age. Frequent HEDs in the bottom 90% of consumers accounted for a majority of the problems among those aged 17 years. HEDs and especially frequent HEDs had a higher mean number of problems at all ages than those who did not report HED. Table 3 shows that the bottom 90% alcohol consumers among 15-yearold boys and girls with HED accounted for a majority of each separate problem. Among 17-year-old adolescents, this was even more pronounced, and monthly HEDs in the bottom 90% accounted for >50% of most problems (data not shown). However, the top 10% consuming boys (Table 3) , with monthly HED contributed to a larger share of unwanted and/or unprotected sex and also to the more uncommon problems; having poor relations with teachers and being robbed.
Attributable proportions varied between 22% and 37% for the top 10% of alcohol consumers (Table 4) . AP for monthly HEDs in the bottom 90% was about 9% among those aged 13 years, and 38%-56% among older adolescents.
Discussion
This study found that the bottom 90% of alcohol consumers by annual intake accounted for a majority of all alcohol-related problems, independent of gender, age and severity of problem. However, the top 10% consuming boys with monthly HED did contribute to a large share of unwanted and/or unprotected sex and also to the more uncommon problems; having poor relations with teachers and being robbed. The *P < 0.05. Gender differences were tested using chi-square or Anova statistics.
results were about the same for different years with different mean consumption and different proportions of alcohol consumers, indicating a relatively high external validity in this drinking culture. Can the research question be affirmed; are the results compatible with the prevention paradox? Obviously, there is no 'gold standard', either theoretical or empirical, as to where the split lies between groups at 'high' risk vs. groups at 'moderate' risk, 8 or how large a fraction of a population may be considered 'a small group'? However, if we, as is conventionally done, confine the high-risk group to the 90-100th percentiles, this study lends empirical support to the validity of the prevention paradox among adolescent girls and boys at different ages, in line with previous studies in adults. 5, 9 This is further supported by the attributable proportions showing that a theoretical elimination of the top consumers would bring about a reduction of 1/3 to 1/4 or less of the problems.
That a large majority of all HEDs were in the bottom 90% of consumers and that a majority of the problems were accounted for by these HEDs may be seen as a support for the 'second-order prevention paradox'. 3, 5 It can be questioned, however, whether the majority of adolescents aged 15-17 years who have experienced any HED occasion constitute a risk group or not, not least since HED is very common among adolescents in many countries.
14 However, studies have shown that frequent HED in adolescence can predict adult heavy drinking. 15, 16 This study shows that most problems are associated with the rather large 'risk group' of frequent HEDs, except at age 13 years, constituting at least 38% among alcohol consuming boys and 25% among girls, groups too large for targeted interventions. Similar results were also found in a more recent study on adolescents in 23 European countries. 17 The support for the prevention paradox, then, seems to vary somewhat with the measures used. Nevertheless, these analyses provide some interesting information. Regarding prevention, one question arises; should we advise on priority for the target group of the general alcohol consumers or (monthly) HEDs. Prevention initiatives, focusing on HED (e.g. teaching refusal skills, draw up policies at universities and colleges), has so far shown little effect. 18 However, HED, as well as mean consumption, has been shown to be affected by changes in the price of alcohol, i.e. higher prices lower (heavy episodic) drinking levels. 19 Also, a recent study demonstrated that restricting access to alcohol had an effect on heavy drinking episodes and alcohol-related admissions to emergency departments, especially among 10-to 15-year-olds. 20 The results from this study imply that effective population strategies, e.g. stronger enforcement of minimum legal age for alcohol purchases and limited availability to alcohol, probably have a larger potential to reduce risk drinking and the overall problem level than high-risk strategies. 21 Also, a comprehensive prevention strategy should include efforts to reach young high consumers.
Strengths and limitations
The validity of self-reported alcohol consumption is always an issue. However, anonymous self-reports from adolescents are regarded to be valid if confidentiality is stressed, 22 and methods that inquire about the frequency and volume for each alcoholic beverage, as in these surveys, yield the most realistic values of intake. 23 Earlier, Swedish studies suggested that adolescent non-responders are more likely to be high consumers than responders, 24, 25 but this does not necessarily mean that the proportion of problems is different among different consumption categories among non-responders.
Another limitation is that the data are cross-sectional, as in previous studies within this field. [3] [4] [5] [6] [7] 9, 10 The reported consumption concerns mainly the current habits, while the reported problems in Study B concern problems at any time. Thus, some problems occurred earlier in life, when alcohol consumption was different and, as a rule, lower. This bias, then, actually increases the support for the prevention paradox in adolescence. Our analyses concern only problems self-attributed to alcohol use. A first study comparing self-attributed consequences to consequences without self-attribution among adolescents has recently been published. 26 This study found that the number of alcohol-related consequences was larger with the latter approach. Under-reporting was more common among those with intermediate frequencies, of whom probably few were high consumers. If anything, this information can cautiously be interpreted as a support for the prevention paradox.
So far, the prevention paradox has mainly been studied in drinking cultures where HED is fairly common. However, its validity may be less in populations where drinking to intoxication is a rare phenomenon. 3, 4 Thus, further research on the prevention paradox should include comparative analyses of populations from different countries and drinking cultures.
This study adds to the literature on the prevention paradox in several respects: it focused on adolescents at different ages from different geographical areas in the same country; it examined gender differences and how the prevention paradox applies to a wide range of various types of alcohol-related problems and in relation to both annual alcohol consumption and HED.
This study adds to the literature on the prevention paradox in several respects. Our study is focused on adolescents at different ages from different geographical areas in the same country. It examined gender differences, different measures of alcohol use and how the prevention paradox applies to a wide range of alcohol-related problems.
A majority of problems occurred among the bottom 90% of consumers and among the HEDs in this consumption category, except among 13-year-olds; thus supporting the 'second order prevention paradox'. This was also true for alcohol-related problems of different severity. This implies that prevention directed at all adolescents is essential and that HED should be particularly noticed.
